
a 
i 
4 

i 

Copy No. $0 

NASA General Working Paper No. 10,023 

RESULTS OF THE APOLLO I CENTRIFUGE PROGRAM 

(ENGINEERING DEVELOPMENT AND PILOT FAMILIARIZATION) 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Houston, Texas 
MANNED SPACECRAFT CENTER 

March 9, 1964 



NASA General Working Paper No. 10,023 

4. 

9 

&. 

FiESuLTS OF THE APOLLO I CENTRIFUGE PROGRAM 

(ENGINEERING DEVELOPMENT AND PILOT FAMILIARIZATION) 

Prepared by: 
J. B. Thomas 

AST, Mission Training Sect ion 

Authori zed f o r  Dis t r ibu t ion:  

D. K. Slayton f '( 

Assis tan t  Di rec tor  f o r  Fl ight  Creb Operations 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

MANNED SPACECRAFT CENTEX 

HOUSTON, TEXAS 

March 9 ,  1964 



i 

7 i , ? ; ~ ,  -.r . i i '  tL)LJCT1:3?3 . . . . . . . . . . . . . . . . . . . . . . . . .  

PKY!F3Jl?ES . . . . . . . . . . . . . . . . . . . . . . . . . .  

RI:; ;ix:r.:s . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F;EFF' Z 5 X T F  . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 

1 

4 

G 

I O  
12 
J. 4 
14 

1.7 



ii 
I .  



Figure Pagi. 

1 

2 

3 

5 

6a 

6s 

7 

8 

9 
10 

11 

12 

q l t  Centrifuge couch and r e s t r a i n t  system . . . . . . . . .  L -r 

Res t r a in t  harness  ches t  buckle . . . . . . . . . . . .  2; 

Second prototype Apollo phase B szit - 
unpressurized 2L . . . . . . . . . . . . . . . . . . . .  

Second prototyw Apollo phase B suit - 
2; pressur ized  . . . . . . . . . . . . . . . . . . . . .  

I n t e r n a t i o n a l  Latex Corp. "state -of - the  -art" 
28 s u i t  - unpressurized . . . . . . . . . . . . . . . .  

Photograph of cent r i fuge  commander's pane l  . . . . . .  c ,I 

Comander 's  panel  per X-4.A DWG v16-976186, 
Sept. 63 ji '3 . . . . . . . . . . . . . . . . . . . . . .  

CE100: Drawing of entry monitoring system 
facep la t e  . . . . . . . . . . . . . . . . . . . . . .  32 

Data recorded f o r  normal launch and se rv ice  
module abor t  32 . . . . . . . . . . . . . . . . . . . .  

Data recorded f o r  pad abor t  . . . . . . . . . . . . . .  133 

Data recorded f o r  max g abor t  . . . . . . . . . . . . .  54 

Data recorded for high a l t i t u d e  abor t  . . . . . . . . .  3 :I 
< 

CE100 - Exit r ay  v i o l a t i o n  (log peak) 

( a )  Recorder no. 1 . . . . . . . . . . . . . . . . . .  
36 

34 

. . . . . . . . .  

xi' (b) Recorder no. 2 / >  

3 s 
. . . . . . . . . . . . . . . . . .  

( C )  Recorder no. 3 . . . . . . . . . . . . . . . . . .  
( d )  Recorder no. 4 . . . . . . . . . . . . . . . . . . .  3? 



i v  

LIST OF FIGURES 

Figure Page 

13 

14 

15 

16 

C E l O l  - Service modiile abort . . . . . . . . . . . . .  40 

. . . . . . . . . . . . . . . . . .  40 ( a )  Recorder no. 1 

. . . . . . . . . . . . . . . . . .  41  ( b )  Recorder no. 2 

( e )  Recorder no. 3 . . . . . . . . . . . . . . . . . .  42 . 

( d )  Recorder no. 4 . . . . . . . . . . . . . . . . . .  43 

CE102 - Bank angle  cammand f a i l u r e  (12g peak) . . . . .  
( a )  Recorder no. 1 . . . . . . . . . . . . . . . . . .  
( b )  RecDrder no. 2 . . . . . . . . . . . . . . . . . .  45 

( d )  Recorder no. 4 . . . . . . . . . . . . . . . . . .  47 

44 

44 

( e )  Recorder no. 3 . . . . . . . . . . . . . . . . . .  46 

CEl04 - Norms1 r e e n t r y  (1000 n.m. range} . . . . . . .  48 

48 ( a )  Recorder no. 1 . . . . . . . . . . . . . . . . . .  
( b )  Recorder no. 2 . . . . . . . . . . . . . . . . . .  49 

. . . . . . . . . . . . . . . . . .  5r3 ( e )  Recorder no. 3 

( d )  Recorder no. 4 . . . . . . . . . . . . . . . . . .  51 

CEl06 - High-g &y viol&ion ( log  peak) . . . . . . . .  

(b) Recorder no. 2 . .,'.A. . . . . . . . . . . . . . .  53 

52 

. . . . . . . . . . . . . . .  52 'i' ( a )  Recorder no. 1 . 

( e )  Recorder go. 3 . . . . . . . . . . . . . . . . . .  54 

(3) Recorder no. 4 . . . . . . . . . . . . . . . . . .  55 



V 

Figure Page 

17 CE107 - E x i t  r a y  v i o l a t i o n  (8g peak) . . . . . . . . .  36 

. . . . . . . . . . . . . . . . . .  (a) Recorder no. 1 56 

( b )  Recorder no. 2 57 . . . . . . . . . . . . . . . . . .  
( c )  Recorder no. 3 . . . . . . . . . . . . . . . . . .  I 58 

( d )  Recorder no. 4 . . . . . . . . . . . . . . . . .  .I 59 

18 CE110 - Bank angle command failure (14g peak) . . . . .  60 

( a )  Recorder no. 1 . . . . . . . . . . . . . . . . . .  60 

( b )  Recorder no. 2 . . . . . . . . . . . . . . . . . .  61 

( c )  Recorder no. 3 . . . . . . . . . . . . . . . . . .  62 

( d )  Recorder no. 4 63 

19 CE114 'V Reentry garrma too  s m a l l  (-5.3O"j . . . . . . .  64 

. . . . . . . . . . . . . . . . . .  

(a) Recorder no. 1 . . . . . . . . . . . . . . . . . .  64 

( b )  Recorder no. 2 . . . . . . . . . . . . . . . . . .  65 

( c )  Recorder no. 3 . . . . . . . . . . . . . . . . . .  66 

( d )  Recorder no. 4 . . . . . . . . . . . . . . . . . .  67 

Vision l i n e s  f o r  f irst  Apo l lo  phase B and ILC helmets . 68 

Vision l i n e s  f o r  second Apollo phase B helmet . . . . .  69 

20 

21 



1 

SUMMARY 

The Phase I Apollo Centrifuge Program was conducted a t  a n  unusually 
e a r l y  phase i n  the  hardware development cycle  i n  o rde r  t o  ob ta in  a pre- 
l imina ry  eva lua t ion  of the  crew s t a t ion ,  s u i t ,  and p i l o t  i n t e r f aces .  
Unava i l ab i l i t y  of  properly f i t t e d  pressure s u i t s  and i m a v a i l a b i l i t y  of 
some cockpi t  d i sp l ays  and con t ro l s  d.ecreased t h e  f i d e l i t y  o f  t h e  simula- 
t i o n .  

I n  s p i t e  of t he  previously mentioned l i m i t a t i o n s ,  i t  w a s  apparent 
t h a t  p ressure  s u i t  mobil i ty ,  v i s i b i l i t y ,  and c m c h  compa t ib i l i t y  w i l l  -:::> 

major problems i n  t h e  Apollo program. This s i t m t i o n  i s  more c r i t i c a l  
f o r  Apollo than  f o r  Mercury or Gemini because of t h e  l a r g e r  Apollo 
instrument panel  and t h e  two-position support  couches. 

The sirnidation results ind ica ted  that t h e  requi red  nanual  con t ro l  
o p r a t i o n s  during launch abor t  and r een t ry  acce le ra t ions  ars poss ib le ;  
however, improvements i n  d i sp l ay  techniques and con t ro l  l oca t ions  are 
silgge s t ed .  

INTRODUCTION 

The Apollo Centrifuge Program, Phase I, was conducted from 
octobei- 28 t o  n-cemljeii 4, 1963, st the ~;s-~-sl ~ i r  Ce-plopzzr;t + ; t c r  at 
Johnsv i l l e ,  Pennsylvania. Six as t ronauts  accmpl i shed  160 dynamic rws 
(98 e n t r y  p r o f i l e s  and 62 launch abor t s ) .  
w a s  configured t o  simulate t h e  spacecraf t  Commander's pos i t i on  rin the 
Command Module. 

The cent r i fuge  crew staticxi 

The ob jec t ives  of t h i s  program were: 

1. To conduct an engineering eva lua t ion  of:  

a. The Apollo couch, pressure s u i t ,  and ha.rness interfacc_s.  

b. Accelerat ion p r o f i l e  accep tab i l i t y .  

e .  Control-display design adequacy. 

d. Prel iminary assessment of p i l o t  performance i n  t h e  manusi 
overr ide mode of operation. 

2. To c o l l e c t  base l ine  medical d a t a  o f  t he  a s t ronau t s  ' physiological  
responses during t h e  acce le ra t ion  p r o f i l e s .  
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3. To provide p i l o t  f a m i l i a r i z a t i o n  f o r  se lec ted  launch, launch 
abort ,  and lunar  r e e n t r y  acce le ra t ion  p r o f i l e s  and a s soc ia t ed  
cont ro l  tasks .  

Pre-centrifuge f a m i l i a r i z a t i o n  w a s  performed on the  f i x t u r e  and the  
Evaluator  I Complex a t  N U ,  S $ ID, Downey, Cal i forn ia ,  before  t h e  
f i x t u r e  w a s  shipped t o  Johnsvi l le .  Refresher  f ami l i a r i za t ion  w a s  
accomplished a t  Johnsvi l le  by running a s e r i e s  of s t a t i c  runs pr ior  t o  
dynamic operat ions.  

Several  types of pressure s u i t s  were used: the  f irst  prototype 
Apollo phase B s u i t ,  the  second prototype Apollo phase B s u i t ,  t he  
In t e rna t iona l  Latex Corporation (ILC) " s t a t e -o f - the -a r t "  sui t ,  and t h e  
Gemini pressure s u i t .  This  v a r i e t y  of s u i t s  w a s  u t i l i z e d  because of 
r e s t r i c t e d  s u i t  a v a i l a b i l i t y ,  s u i t  f i t  d i f f i c u l t y ,  and s u i t  design 
problems. Additionally,  some runs were made i n  "sh i r t s leeves" .  

The program was conducted i n  two separa te  phases, launch-abort and 
en t ry ,  because of the l imi t ed  amount of equipment ava i l ab le  a t  Johnsvi l le .  
A l l  launch abor t  p r o f i l e s  were open loop. A l l  lunar  e n t r i e s  were open 
loop p r i o r  t o  a programed G N malfunction. Af t e r  t h e  programed f a i l u r e  
the  e n t r i e s  were closed loop wi th  r e spec t  t o  con t ro l s  and d i sp lays  only. 
Centrifuge operation was  open loop f o r  a l l  runs.  Eight e n t r y  p r o f i l e s  
and four  launch-abort p r o f i l e s  were programed. 

APTARATUS ATVD EQUIPMENT 

Centrifuge F a c i l i t y  

A descr ip t ion  of  the  cent r i fuge  f a c i l i t y  and i t s  operat ion i s  
given i n  reference 1. 

Couch and Res t r a in t  Harness 

The couch in t e r f ace  t o  s u i t  and harness  was  spacecraf t  configurat ion.  
Figure 1 i s  a photograph of the  cent r i fuge  i n s t a l l a t i o n .  A l l  runs w e r e  
made wi th  the couch h i p  and knee angles  a t  108" and s ince t h i s  proved 
t o  be acceptable,  no f u r t h e r  changes w e r e  made. 

The couch back w a s  f l a t  r a t h e r  than  contomed. The s e a t  back and 
The couch bank angle w a s  2" and the  armrests were padded for comfort. 

r e s u l t a n t  "g" vec to r  t o  the  couch back w a s  8.4" ( t h e  gondola inne r  
gimbal w a s  ro t a t ed  6 .4" ) .  

e 

b 
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The couch headrest  w a s  t he  universal ,  round type t o  accommodate 
a v a r i e t y  of helmets. 
nent,  non-removable pad of about one-half inch. 
padded, t he  headrest  could be adjusted up o r  down t o  accommodate d i f f e r e n t  
p i l o t s .  

It could be padded wi th  i n s e r t s  and had a perma- 
I n  addi t ion  t o  being 

The armres ts  on the  couch a l s o  had the  capabi l i t ,y  of being ad jus ted  
up and dawn t o  accommodate var ious p i lo t s .  The t r ans l a t ion -abor t  
c o n t r o l l e r  w a s  mounted on the l e f t  armrest, and the  3-axis a t t i t u d e  
c o n t r o l l e r  w a s  mounted on the  r i g h t  armrest. These could be ad jus ted  
fo re  and a f t  t o  accommodate t h e  forearm lengths  of t h e  ind iv idua l  p i l o t s .  
Also, t h e  f o o t r e s t s  could be adjusted v e r t i c a l l y  and the  c a l f  support  
pan could be shimmed t o  r e s t  aga ins t  t he  calves  as w a s  required.  

The r e s t r a i n t  harness used was of the  f ive-poin t - re lease  design. 
(See f i g .  2. ) The chest  buckle, which weighed approximately 1 . 4  pounds 
and had an a r e a  of 20 square inches,  cons t i t u t ed  the  f i v e  point  r e l ease  
by jo in ing  t h e  two shoulder s t r aps ,  the two chest  s t r a p s ,  and the  c ro t ch  
s t r a p  toge ther .  
combination which fastened i n  the  middle by means of  an a i r c r a f t  type 
buckle. The l e g s  w e r e  r e s t r a ined  by a l e g  s t r a p  about 6 t o  8 inches 
above the  knees, and the  f e e t  were r e s t r a ined  by means of metal foot-pans. 
During the  program, var ious  forearm and el-bow r e s t r a i n t s  were devised and 
t e s t ed .  

I n  add i t ion  t o  these,  t h e r e  w a s  a h i p  and l a p  b e l t  

Pre s s ure Su i t  s 

The primary pressure s u i t  used i n  t h i s  program was the  second 
prototype Apollo phase B s u i t  which was the  la tes t  design a t  t h e  t i m e  of 
the  program. (See f i g s .  3 and 4. ) A not iceable  f ea tu re  on t h i s  s u i t  i s  
the  emergency o.xygen supply box located on the  back of the  helmet. 
of t hese  suits, s i z e  medium regular ,  w a s  ava i l ab le  f o r  the  cent r i fuge  
pros ram. 

One 

Another s u i t  used w a s  t h e  f i r s t  p r o t o t y p  Apollo phase B suit,  s i z e  
medium regular .  This was  s-jmilar t o  t h e  second phase E s u i t  except for 
t h e  he ].me t . 

A Gemini pressure s u i t  w a s  used for  one day i n  order  t o  make some 
comparison runs. 
art" suit ( f i g .  5 ) ,  w a s  worn by the  a s t ronau t s  who c o d d  not f i t  i n t o  
t h e  Apollo 2hase B suit. 
forerunner  of t he  Apollo s u i t ,  it had some s i m i l a r i t y ,  e s p e c i z l l y  i n  
the  arms, shoulders,  and gloves. The major d i f fe rence  was i n  the  helmet. 

A four th  s u i t ,  t he  I n t e r n a t i o n a l  Latex "s ta te-of- the-  

Since t h e  " s t a t e -o f - the -a r t "  s u i t  w a s  the  
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Hand Con t ro l l e r s  

Minneapolis-Honeywell hand c o n t r o l l e r s  were used i n  t h e  program. 
(See f i g .  1.) The l e f t  k : - d  ( t r an ; l a t ion -abor t )  c o n t r o l l e r  w a s  f ixed  i n  
all axes except for t h e  abor t  ( r c t a t i o n a l )  movement. The r i g h t  hand 
( a t t i t u d e  ) con t ro l l e r  incorporated a l l  switches in s ide  t h e  handgrip. 
This  c o n t r o l l e r  w a s  canted t o  fit t h e  n a t u r a l  hand p o s i t i o n  of t h e  
comand p i lo t ,  t he  n e u t r a l  pos i t i on  being 10' forward, 7" o f f  ver t ical  
t o  t h e  l e f t  and r o t a t e d  7" t o  t he  l e f t .  When t h e  a t t i t u d e  c o n t r o l l e r  
was  def lec ted  out  of de t en t  * 3.25' i n  t h e  roll d i r e c t i o n  during automatic  
e n t r i e s ,  the p i l o t  overrode t h e  automatic system. Full throw o f  t h e  
c o n t r o l l e r  (* 13") provided t h e  d i r e c t  mode o f  operat ion,  while  a def lec-  
t i o n  of 3.25" t o  13" r e s u l t e d  i n  ra te  command. 
over r ide  the  au to -p i lo t  w i th  e i t h e r  rate cormnand or d i r e c t  depending on 
how much roll he commanded. 

Therefore,  t h e  p i l o t  could 

F u l l  rate conmznd r o l l  w a s  17'/second. 

Comanders Panel Controls  and Displays 

Except where noted, t h e  l o c a t i o n  of  d i sp l ays  and c o n t r o l s  was 
accura te  t o  within 1 inch of spacecraf t  l oca t ion  as shown i n  NAA 
Drawing ~16-976186 dated September 1-955; a comparison between t h i s  
drawing and the main instrument pane1 i s  shorn. i n  f i g u r e s  6a and 6b. 
Figure 6b a l s o  shows t he  main instrument panel  divided i n t o  subpanels. 
A b r i e f  descr ip t ion  of these  subpanels follows: 

Subpanel 1: The altimeter was a c t i v e  f o r  t h e  launch-abort  phase 
only  a.nd seeins t o  have been s a t i s f a c t o r y  i n  i t s  present  
loca t ion .  

Subpanel 2: This panel cons t i t u t ed  the  Ent ry  Monitor System (EMS) 
d i sp l ay  t h a t  :%ras a c t i v e  f o r  e n t r i e s .  The .O5 g l i g h t  
and the  red  and green c o r r i d o r  l i g h t s ,  which w e r e  on 
t h i s  d i sp lay ,  functioned. The AV Slew switch was 
inoperat ive.  The EMS w a s  designed t o  a l low t h e  p i l o t  
t o  monitor t h e  automatic e n t r y  and t o  take over manual 
con t ro l  i f  t he  Guidance and Navigation System allowed 
the  "g-veloci ty"  (g-V) t r a c e  t o  become tangent  t o  t h e  
high g o r  e x i t  rays  which were permanently drawn on t h e  
i n t e g r a l  facepla te .  (See f ig .  7 . )  TWO sizes of EMS 
facep la t e s  were evaluated i n  the  program; %" 1 X 4- 1 I ,  

2 1 
2 and 3-" X 5". I n  add i t ion ,  t h e  f acep la t e s  w e r e  

evaluated as t o  co lor ,  and type and th i ckness  of t he  
e x i t  and high "g" rays .  

The EMS "g-V" t r a c e  showed the  p r o f i l e  as it w a s  a c t u a l l y  
flown by t h e  p i l o t .  The f irst  t r a n s i t  of t h e  t r a c e  



5 

I *  

ac ross  the  facepla te  covered t h e  v e l o c i t y  rarige frcnn 
36,000 f t / s e c  t o  24,903 f t /sec,  a t  which time t h e  t r a c e  
r e s e t  i n  11 seconds t o  the l e f t  s ide.  The second 
t r a n s i t  of t h e  t r a c e  covered the v e l o c i t y  range from 
approximately 23, OGO f t / s e c  so 11.,000 f t / s ? c .  

The emergency de tec t ion  system (EDS) panel a c t i v e  
components were the master  cau t ion  l i g h t ,  t h e  abor t  
l i g h t ,  and t h e  Saturn I fue l  pressure  ind ica to r .  

Subpanel 3: 

Subpanel 4: The f l i g h t  d i r e c t o r  a t t i t u d e  i n d i c a t o r  ( F P A I )  was 
designed by IMnr:eapal i s-Jioneywell. This i n d i c a t o r  was 
of Apollo design and had s i x  needles,  one each f o r  
pi tch,  roll, and yaw rates and one each f o r  pi tch,  
roll, and yaw errors. For launch-aborts, f u l l  scale  
i n d i c a t i o n  f o r  a l l  r a t e  needles was f 5"/sec and for 
a l l  e r r o r  needles, f u l l  s ca l e  w a s  f 5" .  F u l l  scale  
i n d i c a t i o n  on t h e  p i t c h  and yav r & t e  needles f o r  e n t r y  
was * ?"/set while t h e  1-01.1 e r r o r  and rate needles on 
e n t r y  displayed * 25" and f 25" /sec ,  r e spec t ive ly .  
All needles were mchznized s l tbough t h e  % b a l l  i t se l f  
x i s  not a c t i v a t e d  due t o  the lack  of s l i p  r i n g s  and 
computing equipmnt .  

Subpanel 5: The event s t ack  was ope ra t iona l  f o r  t he  launch-abort 
phase only. Tnis pane: was not spacec ra f t  hardware. 

planned for t h e  spacecrai't, and therefore, t h e  event 
s t ack  had t o  ?E extended t o  the  bot ton  of t h e  
Commander's panel. This r e s u l t e d  i n  s h i f t i n g  some of 
t h e  event s t ack  t e l e l i g h t s  down several. .inches and 
s h i f t i n g  some switches and t e l e l i g h t s  on Subpanel 9 t o  
t h e  l e f t  s eve ra l  inches. These d i f f e r e n c e s  are shown 
i n  f i g u r e s  6a and 6b. 

- Lne cuinpoiieiits vtzre 1argz;- t h a z  t h e  n~ec .  sct.1-1.a.lll y 

Subpanel 6: 

Subpanel 7: m e  " t h r u s t  switck: ar?d tYle " t h r u s t  on" t e l e l i g h t  

None of t h e  components on t h i s  panel  were a c t i v e .  

on t h i s  panel were a c t i v e ;  o t h e r  components were not. 

Subpanel 8: This w a s  the blank a r e a  forward ci f  t h e  t r a n s l a t i o n -  
a b o r t  c o n t r o l  housing. 

Subpanel 9:  S t a b i l i z a t i o n  and c o n t r o l  systern (SCS) con t ro l  mode 
s e l e c t  panel. 
switches were ac t ive  as were the monitor, SCS AV, 
G .9, N en t ry ,  and SCS e n t r y  t e l e l i g h t  controls .  All 

The channel "backup r a t e "  and "d isab le"  
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o the r  conponents were inac t lve .  This panel had been 
shortened somewhat t o  provide space for t h e  event  
s tack.  Among the  components s h i f t e d  t o  the  l e f t  on 
Sub;?anel 9 w & s  the SCS e n t r y  t e l e l i g h t  switch. 

Subpanel 10: Only two l i g h t s  were a c t i v e  on the  caut ion  matrix 
panel and these  were t h e  coupling d i s p l a y  u n i t  (CDU) 
and the  i n e r t i a l  measurement un i t  (IMU) l i g h t s .  Due 
t o  the  l imi t ez  s i z e  of t h e  cen t r i fuge  commander's 
panel as a whole, the  caut ion mat r ix  was noved t o  t h e  
l e f t  approxinately th ree  inches. 

Subpanel 12: This panel w a s  n o t  ac t ive .  

Subpanel 14:  This panel contained t h e  guidance and navigat ion 
computer d i s p l a y  and keyboard. Due t o  i t s  l a t e  
a r r i v a l  it w a s  a c t i v e  only during t h e  last  two days of 
the  program. ThS.s panel w a s  used wi th  seve ra l  e n t r y  
p r o f i l e s .  Only a l imi t ed  number of parameters were 
displayed and these  cons is ted  of "g", time, r o l l  angle ,  
ve loc i ty ,  a i t i t u d e ,  and range-to-go. I n  addi t ion ,  a 
computer caut ion l i g h t  and a warning l i g h t  were 
displayed. T'ne r e a d m t s  were not  i n  code but i n  d i r e c t  

numbers. All the  nimbers were inch i n  height ,  and 4 
were green displayed agair ,st  a gray  background. These 
parameters were updared and displayed every  2 seconds 
during the  course of  the  en t ry .  

Active components on the  crew s a f e t y  panel were the  
oxid izer  dump, auto abor t  enable,  f u e l  dump a c t i v a t e ,  
reactictn con t ro l  system (RCS) purge, and RCS cont ro l ,  
switches. With t h e  exception of t h e  ox id ize r  dump 
and au to  abor t  enable, these  were 3-posi t ion switches 
sp ing - loaded  t o  the  center  pos i t ion .  

Subpanel 16: 

PROCEDTJHES 

Launch-Abort Phase 

The following i s  a b r i e f  desc r ip t ion  of t h e  launch-abort  p r o f i l e s  
as run i n  t h i s  program. 
errors during the  l a m c h e s  w a s  the  FDKI. 

The pri-nary ind ica to r  f o r  r a t e s  and a t t i t u d e  

I 
A l l  abor t s  were manually i n i t i a t e d  by the  p i l o t  i n  response t o  t h e  

abor t  indicat ion.  Reference 2 conta ins  a more d e t a i l e d  presenta t ion  of . 

c 
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t hese  p r o f i l e s .  A summary of launch-abort runs i s  shown i n  table I. 

1. Normal Launch ( inc lud i rg  Service Module a b o r t ) .  Ten of these  
p r o f i l e s  were run. The procedure cons is ted  of a normal launch 
up t o  200 seconds; t h i s  included f irst  s tage  burnout, s taging,  
second stage ign i t ion ,  and tower j e t t i s o n .  The Service Module 
a b o r t  was the  only abor t  performed a f t e r  t h e  l a w x h  escape tower 
w a s  j e t t i soned .  Recordings fo r  tlhis p r o f i l e  are Shown i n  
f i g u r e  8. 

2. Pad Abort. Twelve dynamic pad a b o r t s  were performed. The 
sequence was i n i t i a t e d  a t  T-6 seconds, and continued through 
escape motor burn, drogue parachute deploy, main parachute 
deploy, and f u e l  dump. 
("eyebal l s  i n " )  followed by a rap id  drop t o  - Ig  ("eyebal ls  out") .  
The p r o f i l e  was  conplete i n  about 20 seconds. Recordings a r e  
shown i n  f igu re  9. 

The i n i t i a l  "g" lcad was + log 

3 .  Max Q Abort. Twenty dynamic Max Q abor'is wsre perPormed. 
Ind ica t ions  f o r  these  abor t s  were i n s t r m e n t  wit (X) power 
f a i l u r e  or yaw rate feedback loss occurr ing i:n t,he range of 
60-80 seconds after l i f t - o f f .  
rate l i g h t  was i l luminated when r a t e s  exceeded 5"/sec on the  
FDAI. This p r o f i l e  included launch escape motor burn, drogue 
parachute deploy, main parachute deplcy, and t h e  s e q e n c e  w a s  
complete at. fuel dim-=. This  p rs f i le ,  st e s c a p  metor b.znoi~;t, 
changed from + 6g "eyebal ls  in!! t o  - 3.2g "eyebal ls  ou t i i  i n  
about 5 seconds. Recordings are shown i n  f i g u r e  10. 

The launch veh ic l e  (L/V) excessive 

4. High Al t i tude  Abort. Twenty d.ynamic h-igh a i t i t u d c  a,borts were 
performed. 
a herdover engine 3r a yaw guidance f a i l u r e .  
excessive rate l i g h t  i l luminated when r a t e s  exceeded 5"/sec on 
the  FDAI. Peak "eyeballs i n "  g on t h i s  p r o f i l e  w a s  + 10 followed 
by - 0.5g "eyebal ls  out" seconds later. 
p r o f i l e  was concluded after escape motor f i r e  and tower j e t t i s o n .  
Recordings f o r  t k i s  p r o f i l e  are shown i n  f i g w e  11. 

The pzgramed f a i l u r e  f o r  t hese  a b o r t s  w a s  e i t h e r  
Again, t he  L/V 

The acce le ra t ion  

Entry Pha,se 

The e n t r i e s  were open loop f o r  both t h e  cent r i fuge  and d isp lays  
p r i o r  t o  a progrened G 5, N malfunction. 
t he  p i l o t  t a s k  w a s  t o  take manual cont ro l  by maris J€ the  3-3xis c o n t r o l l e r  
and f l y  t h e  remainder of t h e  e n t r y  manually. 
after take-over were closed loop while t h e  cent r i fuge  remained o p n  loop. 
A s  soon as poss ib le  a f t e r  take-over the p i l o t  switched fram the  automatic 
( G  .4L N) e n t r y  mode t o  the  n-anml (SCS) e n t r y  mode. 

After  the programed f a i l u r e ,  

The con t ro l s  and d isp lays  
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I n  addi t ion  t o  the  programed G '3: N f a i l u r e s ,  s t a b i l i t y  and con t ro l  
system (SCS) f a i l u r e s  were introduced i n t o  many of t h e  e n t r y  p r o f i l e s .  
These f a i l u r e s  included "o-pen" or "continuous" s i g n a l s  on the  rate gyros 
and required t h e  p i l o t  t o  co r rec t  t h e  condi t ion  by a c t i v a t i n g  the body 
mounted a t t i t u d e  gyros ( € M A G )  i n  t he  respec t ive  channel. Other SCS 
f a i l u r e s  included "open'' or "continuous" s i g n a l s  on switchicg ampl i f ie rs .  
These required the  p i l o t  t o  d isab le  t h e  a f f e c t e d  channel and manually 
con t ro l  with the  d i r e c t  mode of operation. Ind ica t ions  of  t hese  failures 
came mostly from t h e  FDAI r a t e  needles,  but  some roll channel failures 
could also be de tec ted  by means of t he  l i f t  vec to r  i nd ica to r .  

The range of e n t r y  acce le ra t ions  var ied from + 5g t o  + 15g. For all 
e n t r y  p r o f i l e s  except t he  Service Module abor t ,  t he  p i l o t  t a s k  a f t e r  
manual take-over w a s  t o  con t ro l  t o  a constant  3g p la t eau  by reference t o  
the  "g-V" t race .  The e n t r y  runs are summarized i n  t a b l e  11. 

Following i s  a b r i e f  desc r ip t ion  of t h e  e n t r y  p r o f i l e s :  

1. 

2. 

3. 

CElOO (Exit Ray Viola t ion) .  -- 
p r o f i l e  were accomplished. The p r o f i l e  cons is ted  of a normal 
G C N e n t r y  through the f i r s t  peak of  .t l og  with the  programed 
f a i l u r e  occurr ing at + 6.7g following the  i n i t i a l  peak. 
failure point ,  the  "g-V" t race ,  as d i s p l a p d  by t h e  EMS ( f i g .  7), 
became tangent t o  an e x i t  ray. Recordings a r e  s h a m  i n  f igu re  12. 

Sixteen dynamic runs of t h i s  

A t  t h e  

CElOl  (Service Module Abort) .  Eleven dynamic runs were made. 
This p r o f i l e  represented one type of se rv ice  module abor t  and 
reached a + l>g peak. The p i l o t  t a s k  w a s  t o  keep the  l i f t  
vector  i nd ica to r  f u l l  up (0') throughout t h e  p r o f i l e .  
con-trol take-over poin t  f o r  t h i s  p r o f i l e  was  ind ica ted  by a 
devia t ion  from the  maximm-lift  r o l l  a t t i t u d e .  Recordings f o r  
t h i s  p r o f i l e  a r e  shown i n  f igu re  13. 

The manual 

CE102 (Bank Angle Command F a i l u r e ) .  
made. 
failure a t  + 6g on i n i t i a l  e n t r y  i n t o  t h e  atmosphere. The lift 
vector  i nd ica to r ,  dEe t o  the  G % N failure, r o l l e d  off  the  f u l l  
u2 l i f t  (ao) pos i t i on  a t  the  t 6g l e v e l  and t h e  p i l o t  w a s  asked 
t o  immediately take  ma.nual con t ro l  and c o r r e c t  t h e  lift vector .  
Otherwise, the  spacecraf t  could have continued t o  r o l l  t o  an 
adverse lift vec to r  and develop excessive acce le ra t ion .  The 
cent r i fuge  w a s  programed on the  assumption t h a t  t h e  p i l o t  
allowed t h e  l i f t  vec tor  t o  move approximately 30" o f f  f u l l  
pos i t ive  lift; therefore ,  t h e  cent r i fuge  peak "g" was + 12. 
However, i f  t he  p i l o t  i n i t i a t e d  c o n t r o l  bef'ore t h i s  time, lower 
acce le ra t ion  values  appeared on t h e  EMS t r a c e .  On t h e  o the r  
hand, i f  he allowed the  e r r c r  t o  exceed 3O" ,  higher  acce le ra t ion  
values appeared on the  "g-V" t r a c e .  Recordings f o r  t h i s  p r o f i l e  
a r e  shown i n  f i g u r e  14.  

Eight  dynamic runs were 
This p r o f i l e  represented a G & N bank angle cornnand 
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I .  

4. (23104 (Normal G & N Entry) .  Fourteen dynamic runs w e r e  made. 
This p r o f i l e  represented a normal, 1,000 n a u t i c a l  m i l e  G & N 
automatic entry.  No f a i l u r e s  w e r e  programed; however, p rovis ions  
were made which permitted the p i l o t  t o  manuall-y f l y  t h i s  e n t r y  
wi th  t h e  a t t i t u d e  con t ro l l e r .  The G & N roll command information 
w a s  displayed on the  FDAI r o l l  a t t i t u d e  e r r o r  needle ( see  
f i g .  6a). Eecordings are shown i n  f igu re  15. 

5. CE106 (High g Ray Viola t ion) .  Fourteen dynamic runs were mzde. 
This p r o f i l e  was  a ~ o r m a l  G & N e n t r y  through the f irst  + l o g  
peak after which t h e  spacecraf t  " s k i p p d  out." or" the atmosphere 
i n  a normal subc i r cu la r  racgicg maneuver; it reentered  some 
200 seconds l a t e r .  
atmosphere a G N malfunction caused t h e  t r a c e  t o  become 
tangent t o  a high g ray. Recordings f o r  t h i s  p r o f i l e  are shown 
i n  f i g u r e  16. 

A t  t h e  + 4.5g l e v e l  after r een te r ing  t h e  

6. CE 107 (Ex i t  Ray Viola t ion) .  
This p r o f i l e  represented  another e x i t  r a y  v io l a t ion ,  the f a i l u r e  
occurring a t  + 6.8g coming o f f  t h e  -k 8g i n i t i a l  peak. 
are shown i n  f igu re  17. 

Fourteen dynamic runs were made. 

Recordhgs  

7. C E l l O  (Bank -Angle Camand Failure), Tvel;i-e d p m i . c  runs were 
accomplished. This p r o f i l e  aga in  represented  a bank angle 
command f a i l u r e  on i n i t i a l  penetrat isr , .  The f a i l : r e  occurred 
a t  + 5g. T ~ E  pilet task was to m e n i m ~ ~ y  c o n t r o l  t he  l i f t  
vec to r  i n d i c a t o r  t o  zero  u n t i l  peak g was reached arid t o  f l y  
t o  + 5g t h e r e a f t e r .  The cent r i fuge  a c c e l e r a t i o n  f o r  t h i s  
p r o f i l e  peaked a t  + 149 followed by a constant f 5g l e v e l  u n t i l  
t e rmina t ion  of t h e  run. Overall, t h i s  rm j?rob3bly r ep resen t s  
t h e  most severe acce le ra t ion  envirorment covered i n  t h e  program. 
Recordings f o r  t h i s  p r o f i l e  a r e  shown i n  f igu re  18. 

CE114 ( F l i g h t  Path Angle Too Small). 
made. This p r o f i l e  demonstrated an e n t r y  i n  which t h e  f l i g h t  
path angle  was t o o  s n l a l l .  Uriless cc;r.recti-ve a c t i o n  w a s  tsken, 
t h e  spacecraf t  would never have remaired i n  the akDsphere,  
bu t  would have "skipped out" a't suye rc i r cu la r  speed. Corrective 
a c t i o n  i n  t h i s  case was t o  roll the  l i M  vector, t o  fu l l  negative 
l i f t  (180") t o  allow penet ra t ion  and then  contro?. t o  a constant 
+ Tg l e v e l  th .ereaf ter .  The f a i l u r e  ind ica t ion ,  a ~ e c l  co r r ido r  
l i g h t  on t h e  EMS, occurred a t  + 0.2g 0% i n i t i a l  en t ry .  
t y p i c a l  run i s  shown i n  f igure 19. 

8. Rine dynamic runs were 

A 
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SULTS 

Couch and Res t r a in t  Harness 

I n  general ,  the  ccuch proper, not including t h e  a rmres ts  and 
headrest ,  offered adequate support;  comfort d id  not no t iceably  degrade 
wi th  t i m e  for  cen t r i fuge  cccupancy ~2 t o  four  hours, which was t h e  l i m i t  
used i n  t h i s  program. 
any of t h e  p ro f i l e s .  
program, it i s  doubtful  t'mt a f l a t  back would provide support  f o r  
"eyebal ls-  t o-the - s ide  
on t h e i r  back because of rriinimim contour s-ipport on "eyebal ls  i n "  g ' s .  

No "submarining" daw2 i n t o  the  couch occurred on 
Although the  couch support  was  adequate f o r  t h i s  

ac ce l e r a t  ioiz. Soine p i l o t s  developed red  spots  

I n  t h e  course of t he  prDgsam, it was found t h a t  t h e  longer-trunked 
men sat seve ra l  inches t o o  high wi th  r e spec t  t o  the  instrument panel.  
(This can be seen i n  a comparison of figs. 5 and 5. ) The medium regu la r  
phase R s u i t s  WZE t oo  m a l l  f o r  thesz  p i l o t s  and, t he re fo re ,  t he  ILC 
"state-of- the-ar t"  s u i t  had t o  be u t i l i z e d .  (See f i g .  5. ) Even though 
t h e  helmet v i s ion  r e s t r i c t i o n  with t h i s  s u i t  w a s  not nea r ly  as pronounced 
as it w a s  with the  phase B sui',, it reqJirec? one or more inches of headpad 
i n s e r t  t o  see the  lns t rmlent  panel when the  s u i t  w a s  unpressmized.  The 
v i s i o n  l i n e s  f o r  the ILC s u i t  a r e  show1 i n  f igu re  20. 

The "heart-to-head" ( a o r t i c - r e t i n a l )  angle  could be g r e a t l y  va r i ed  
by use of headpad i n s e r t s  on t he  headrest .  This angle  proved t o  be 
very c r i t i c a l ;  i n  some cases  i t  approached l > O  and r e s u l t e d  i n  a severe 
r e s t r i c t i o n  t o  g to le rance  and v is ion .  
heaflpad i n s e r t  r e su l t ed  i n  approximately the  same "head-to-heart" angle  
as w a s  obtained i i t i l i z i n g  the  second prototype Apollo phase B helmet 
with no headpad i n s e r t .  

The ILC helmet wi th  a one-inch 

This  angle  was marginal a t  high g ' s .  

The couch headrest  should be custom f i t t e d  t o  the  h e l m t  and should 
be designed t o  o f f e r  lateral  support f o r  t h e  head. The p i l o t  should be 
ab le  t o  r o t a t e  h i s  helmet i n  the  headrest .  The headres t  design should 
provide recesses  f o r  any pro t rus ions  from the  back of t he  helmet. When 
these  c r i t e r i a  a r e  ne t ,  t he  Comanderls e n t i r e  panel should be v i s i b l e  
with no headpad i n s e r t s .  

Two and one-half inches more forward adjustment w i l l  be requi red  
on the  r i g h t  and lef t -hand con t ro l l e r s .  I n  order  t o  a l low t h e  p i l o t  t o  
ad,just  t h e  right-hand c o n t r o l l e r  forearm support length,  a f r i c t i o n  lock 
or o the r  simple means should be provided, 

The t e s t s  showed t h a t  t he  c a l f  support  p l a t e  on the  lower couch w a s  
not needed fo r  most men. Removal of t h e  c a l f  support  and some redesign 
could perhaps s a t i s f y  requirements for  a l l  p i l o t s  and e l i i i i n a t e  some 
weight . 
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The r e s t r a i n t  harness  provided e f f e c t i v e  r e s t r a i n t  f o r  a l l  runs; 
however, it w a s  unsa t i s f ac to ry  f o r  severa l  reasons.  The most s e r ious  
shortcoming f o r  t h i s  harness  was  t h a t  it covld not  be hooked up by t h e  
crew m e m b e r  without a s s i s t ance .  He could not see o r  reach t h e  ches t  
buckle. 

On boost-aborts,  t h e  p i l o t  came o f f  t h e  back of t h e  couch approxi- 
mately 2 to  3 inches when going t o  "eyeballs out"  g, and the  helmet, which 
weighed about 10 pounds, came forward not iceably;  however, no discomfort 
w a s  noted at t h e  -3.2 g ("eyebal l s  out") level reached i n  t h i s  program. 
I f  subsequent d a t a  ind ica t e  the  p o s s i b i l i t y  of an  excessive "eyebal ls  
ou t"  g, then  a head r e s t r a i n t  should be considered. 

Addit ional  pro3lems wi th  the  r e s t r a i n t  harness  are l i s t e d  below: 

1. 

2. 

3- 

4. 

5. 

6.  

7. 

8. 

9. 

There are pressure po in t s  at both h ips  where the  h i p  b e l t  r e s t s  
aga ins t  t he  s ide  h i p  p l a t e s .  

Elbow r e s t r a i n t s  would be des i rab le  and should be considered. 

The inver ted  meta l  "V" a t  the h ips ,  where the  h i p  and l a p  b e l t  
t i e  toge ther ,  caused pressure poin ts  on both s ides .  

The added weight of t h e  chest  buckle w a s  t i r i n g  and made 
r e s p i r a t i o n  d i f f i c u l t .  It should be el iminated.  A s t r a p  
arrangeEent ir? t h i s  ZEE wadd he desirable; 

A l l  s t r a p s  t o  t h e  ches t  buckle became loose during runs and had 
t o  be t igh tened  frequent ly .  

The p i l o t  could not  reach the l e g  s t r a p s  when t h e  ches t  harness 
w a s  t i g h t .  

It w a s  d i f f i c u l t  t o  t i gh ten  the  ches t  s t r a p s  due t o  reach 
r e s t r i c t i o n s .  

Chest buckle in t e r f e rence  prevented helmet tie-down cable 
adjustment when t h e  restraint harness w a s  t i g h t .  This i n t e r -  
ference a l s o  tended t o  "cock1' t he  helmet t o  one side when t h e  
s u i t  w a s  pressurized.  

It was d i f f i c u l t  t o  r e l ease  t h e  hooks on the  l e g  s t r a p s  because 
the  hooks had -to be ro t a t ed  i n t o  the  l e g  i n  order  t o  be re leased .  
These hooks w e r e  a l s o  too heavy. 
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10. Tk r e s t r a i n t  harness  s k a p s  need t o  be longer  t o  a f f o r d  a 
"grip" when t igh ten ing .  

11. The couch should have ad jus t ab le  forearm r e s t r a i n t s  to o f f e r  
side support  for t h e  arms and t o  a i d  i n  c o n t r o l l i n g  t h e  
spacecraf t .  

Pressure S u i t s  

The second prototype Apollo phase B s u i t  proved t o  be t o t a l l y  
unsat isfactory.  
i n t o  t h e  armrests. This was p r imar i ly  because of t he  shoulder  design 
i n  the  s u i t .  
aims with the armrests. \Then t h e  phase B s u i t  w a s  pressurized,  t h e  
n e u t r a l  pos i t ion  of  the  foreaims w a s  6 inches t o  t h e  s ide  and 10 inches 
forward. When the  arms were forced back i n t o  t h e  armrests, t h e  w r i s t  
r i n g s  caused pressure poin ts ,  wires ac ross  t h e  back o f  t h e  arms caused 
pressure points ,  and pressure po in t s  e x i s t e d  i n s i d e  t h e  eibows. The 
p i l o t  unknowingly held f u l l  l e f t  r o l l ,  p i t c h  up w a s  no t  a t t a i n a b l e ,  and 
t h e  s t i c k  could not  be gi-i-pped f o r  ya,w con t ro l  due t o  s u i t  r e s t r i c t i o n s .  

It w a s  impossible for some p i l o t s  t o  g e t  t h e i r  arms 

A major s u i t  modif icat ion i s  requi red  t o  i n t e g r a t e  t h e  

The emergency oxjrg;etl sidpply box a t t ached  t o  the  beck o f  t h e  s2cond 
phase B helmei d id  not iit t h e  headrest .  Helmet s t r u c t u r e  r e s t r i c t e d  

v i s ion  markedly, and a :"-inch headpad i n s e r t  w a s  r equ i r ed  t o  enable  t h e  

p i l o t  t o  see the  Comun6er 's  lower ins t r iment  panel. The r e s u l t i n g  head 
angle  (es t imated a t  l>*) caused some p i l o t s  t o  gra.y out  et about 9g. 

Even wi th  the 1;-inch headpad i n s e r t  t h e  SCS c o n t s d  p-,neI. could no t  be 

seen when the s u i t  w a s  pressurized.  These v i s ion  l r n e s  ere shown i n  
f i g u r e  21. O n  f u r t h e r  t e s t i n g ,  it was found necessa-ry t o  remove a l l  
headpad i n s e r t s  t o  g e t  an acceptab le  " a o r t i c - r e t i n a l "  angle I Consequently, 
t h e  lower 8 t o  10 inches of  t he  Commander's pane1 m,s not  v i s i b l e  even 
unpre s suri zed. 
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Further problems with t he  second Apollo phase B s u i t ,  many of  which 
are shown i n  f i g u r e s  2 t o  4, are l i s t e d  below: 

1. The vent tubes  down t h e  back caused pressure  poin ts .  

2. The helmet t i e - d m n  cable  interfered.  w i th  t h e  res t ra in  harness  
assembly. 

3. The l e g  s t r a p s  fouled f i t t i n g s  3n t h e  sdt leg .  

4. The glove palm band should be b e t t e r  i n t e g r a t e d  .with t h e  s t i c k  
i n  order  t o  improve c o n t r o l  feel .  



. 

5. 

6.  

7.  

8. 

9. 

10. 

11. 

12. 

13. 

14. 

The 

The 93' elbow at  t h e  i n l e t - o u t l e t  hose p l a t e  forced t h e  p l a t e  
i n t o  the  r i b s  and in te r fe red  with t h e  armrest. 

F i t t i n g s  snd plugs on the  back of t he  helmet fouled the head- 
rest. 

Wrist ac t ion  was l imi t ed  when p i t c h  up c o n t r o l  w a s  attempted. 

The neck r i n g  caused pressure poin ts  aga ins t  t h e  shoulders. 

An excessive temperature gradient  ex i s t ed  i n  the  s u i t .  The 
back v e n t i l a t i o n  was excessive while t h e  hands, f e e t ,  and 
r i g h t  f r o n t  s ide  were i n s u f f i c i e n t l y  cooled. 

The p i l o t  could ne i the r  see nor reach t h e  r e s t r a i n t  harness 
chest  buckle. 

The helmet airflow wits di rec ted  i n t o  t h e  eyes. 

The helmet microphone picked up noise  from t h e  a i r f low.  

Cross reach was restr ic ted t o  the  s u i t  cen te r l ine .  

The r e s t r a i n t  harness could not be fastened by t h e  p i l o t  
without a s s i s t ance .  

f irst  prototype Apollo phase B suit had no emergency oxygen 
box a t tached  t o  the  back of t he  helmet and therefore ,  i n t eg ra t ed  somewhat 
b e t t e r  with the  headrest .  However, panel v i s i b l i t y  was much more 

r e s t r i c t e d . .  With t h e  lz- inch headpad ' inser t ,  t he  lower 6 t o  8 inches 

of t h e  Commander's panel could not be seen, unpressurized. (See f i g .  20. ) 
Other problems wi th  t h i s  suit w e r e  e s s e n t i a l l y  t h e  same as wi th  the  second 
prototype s u i t .  

The Gemini pressure s u i t  allowed t h e  p i l o t  t o  see the  e n t i r e  
Commander's panel without headpad i n s e r t s ;  the  arms could a l s o  be 
placed i n t o  the  armrests by the p i l o t  when t h e  suit w a s  press-lrized. 
With t h i s  s u i t ,  t he  p i l o t  could reach everything on t h e  panel t h a t  could 
be reached with t h e  Apollo s u i t .  
trunked p i l o t s ,  however. ) 

(This s u i t  would not  f i t  t h e  longer- 
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Hand Cont ro l le rs  

The t rans la t ion-abor t  handle w a s  s a t i s f a c t o r y  f o r  i n i t i a t i n g  abor t .  
However, as previous ly  mentioned, more forward adjustment w i l l  be r equ i r ed  
f o r  t h e  l a r g e r  p i l o t s .  The breakout f c r c e  f o r  abor t  could have been 
s l i g h t l y  higher, bu'; t h e  de t en t  pos i t ion ,  moun t  of travel, and o t h e r  
a spec t s  were s a t i s f a c t o r y .  
w i l l  have t o  be evaluated on o the r  programs where t h e  t a s k  i s  a p p l i c a b l e . )  

(The t r a n s l a t l o n  a c t i o n  of  t h i s  c o n t r o l l e r  

The most prevalent  comment regarding t h e  3-axis c o n t r o l l e r  w a s  that 
it needed a d e f i n i t e  change i n  Torte g rad ien t  between rate command and 
d i r e c t  (soft s t o p s ) .  Sof t  s t c p s  would have been invaluable  f o r  d e t e c t i n g  
t h e  f u l l  rate command s t i c k  pos i t ion .  A l s ~ ,  t h e  g r i p  w a s  improperly 
shaped and was t o o  l a r g e  f o r  t h e  gloved hand. The cutout  i n  the  handgrip 
f o r  the glove palm piece w a s  t o o  sha l lo i~ .  
surfwe should be knurled. 

For improved gr ipping,  t h e  

P i t c h  up a c t i o n  of t h e  3-a,xis c o n t r o l l e r  w a s  very d i f f i c u l t ;  t h i s  
co -dd  have beer, due i n  p a r t  t o  t he  pressure s u i t  and i n  p a r t  t o  the  
!:iv& p o i n t  being i r ?  the  cen te r  of t he  palm. There was no decrement i n  
1 ztndling t h i s  c o n t r o l l e r  a t  d i f f e r e n t  g levels.  This  c o n t r o l l e r  a l s o  
needed more forward adjustment f o r  t h e  l a r g e r  p i l o t s  snd, as previous ly  
mentioned, there  should be a simple mechanism t o  a l low t h e  p i l o t  t o  
a d j u s t  t h e  forearm support l eng th  f 'o- pressur ized  as w e l l  as unpressurized 
operat  ion. 

The amourit of  t ravel  (I 13') of t he  3-axis c o n t r o l l e r  w a s  excessive 
i n  a l l  axes for d i r e c t  cont ro l .  
because f u l l  s t i c k  t.hrow w a s  required. The s t i c k  breakout forces ,  
g rad ien ts ,  and p i n t .  po in t  should be eva lua ted  f o r  o r b i t  operat ions,  
d txk ing ,  and o the r  t a sks  before  any firm conclusions are made. 

This made manual damping d i f f i c u l t  

Commander's Panel  Controls and Displays 

A s  w a s  found -in t h e  s t a t i c  s imulat ions,  t h e  EMS d i s p l a y  w a s  no t  
opera t iona l ly  acceptable .  
d i f f i c u l t  t o  d e t e c t  tangency and the re fo re ,  t h e r e  w e r e  many doubts as t o  
when t o  take  over ranual ly .  (See f i g  7 . )  CElOO and ~ ~ 1 0 6  were e s p e c i a l l y  
d i f f i c u l t  i n  t h i s  regard.  This  resulted i n  the takeover of many 
t r a j e c t o r i e s  i n  which t h e  "G N" w a s  s t i l l  func t ion ing  normally. Also 
around t h e  tangency poin t ,  the  EMS t r a c e  requi red  a considerable  amount 
of uninterrupted a t t en t io r !  causing o the r  d i sp l ays  t o  be neglected.  

While t h e  t r a c e  was being drawn, it w a s  very 

Otherwise, it can be s t a t e d  that wi th  t h e  bes t  head angle  (ILC 
"s ta te -of - the-ar t "  helmet, or standard aircraft  f l i g h t  helmet, w i th  no 
headpad i n s e r t s ) ,  t h e  EMS t r a c e  and l ift v e c t o r  arrow were v i s i b l e  at 
a l l  g l eve l s .  The snall facep la t e s  suf f iced  j u s t  as w e l l  as t h e  l a r g e  
ones, and there  was no problem p i c k i x  up the  t r a c e  after scanning ofher  



i n d i c a t o r s .  Dark EMS f acep la t e s  were p re fe rab le  t o  the  l i g h t  co lored  
type. The e x i t  and high g rays  should be long broken l i n e s  of nedium 
th ickness .  
AV Slew switch on t h e  l3E w a s  k y o n d  the  reach  of sone p i l o t s .  

The "g-V" t r a c e  should be twice as t h i c k  as these  rays.  The 

It was found that t h e  a b o r t  l i g h t  needed t o  be much b r i g h t e r  and 
l o c a t e d  c l o s e r  t o  t h e  c e n t e r  of t he  scan pa.tte:rn. The master caut ion  
1-i.ght should a l s o  be b r igh te r .  It a l s o  was  1octzt.ed too  f a r  t o  t h e  l e f t  
arid cou1.d not be seen a t  high g. 

The FDAI provided s u f f i c i e n t  scale resol1,!.tlon and the "fPj t o "  
needle presentat+ion on t h i s  instrument was adcquate. LTi i l e  t h e  sca l e  
p re sen ta t ion  of .the o the r  needles was good, a ncn-liiieizr scale cm t h e  r c l l  
a t t i t u d e  comnand-error needle may be d e s i r a b l e  for  e n t r y ,  and should be 
considered f o r  fu tu re  inves t iga t ions .  More con t r a s t  i s  needed between 
t h e  roll e r rm needle and t h e  8-baii. 
it d i f f i c u l t  t o  see during t h e  c r i t i c a l  e n t r y  phases. The p i t c h  e r r o r  
needle ''zero'' pos i t i on  and t h e  p i t c h  rate needle 'tzerol' pos i t i on  should 
be loca ted  a t  t h e  cen te r  of t h e  FDAI face .crith -the "up" arid "down" 
s c a l e s  l i n e a r .  Scalenarks are n e e d d  0'11 all. -the e r ror  needles, e s p e c i a l l y  
a t  t h e  c e n t e r  and f u l l  s c a l e  points .  It woi i l3  be d e s i r a b l e  for t h e  
p i t c h  arid yaw e r r o r  needles t o  displa,y "downrange" m c i  "crossrange" 
e r r o r s  during t h e  e n t r y  phase of t h e  mission.. 

The present  co lo r  scheme makes 

Since t h e  FDAI w a s  t h e  main instrument. fo:c de t ec t ing  coritrol  system 
L ~ L L L U C ~ ,  it aho7&d be rer?t i~nec!  -that. it WAS i.mpxs'ible t o  d i f f e r e n t i a t e  
between some gyro and e l e c t r o n i c s  Yaiiures b y  t i s l r g  the 5.rL2iz,ztioxo from 
t h i s  instrument. This forced the  p i l o t  t3  isi:;.ate these  f a i l v r e s  by 
means o f  " t r i a l  and e r r o r "  switching p r o c e d u x s  :diicli reqvlircd much time 
and e f f o r t  even a t  lg. More time and e f f o r t  i i t - : ; ~  required,  ;Llf course, 
as a c c e l e r a t i o n  increased. 

n - 2 7  ..-..-- 

It w a s  found that the  t e l e l i g h t s  as disi;l.a.J-ed OR the  event s t ack  
needed to be more cons is ten t .  Some of t hese  1L5giits before  being pushed, 
some l i g h t s  a f t e r  being pushed, and sme d id  not  l i g h t  a t  a i l .  This w a s  
q u i t e  confusing and, when used i n  conjunction . w i t h  t he  swltches on the  
crew s a f e t y  panel (16), had no log ica l  s e ~ ~ e : c ~ : e ! .  These ciis.?lays d id  no-t 
l end  themselves t o  t h e  r ap id  responses reqvired after a b o i t ,  The panel 
should be designed t o  e l imina te  t h e  present  rzn&m seqiJ.er.cir;g between t h e  
event  s t ack  and t h e  crew s a f e t y  panel.  The rt.(;;:?x?lature 01: 311 l i g h t s  
s h u l d  be readable even when t h e  l i g h t s  are no'c Yl.l.uninatefi.. Generally, 
a l l  t h e  l i g h t s  on t h e  event s t a c k  were t o o  diza. 

- 
A l l  switching on t h e  SCS cont ro l  mode s e l e c t  panel (9)  t h a t  must be 

accomplished under "g" load  must be p r f o r m e d  with t h e  l e f t  hand. 
r i g h t  hand must be kept on t h e  3-axis c o n t r o l l e r  i n  o rde r  t o  override 
t h e  G R, N system should a failure occur. 
o f f s e t  as it was t o  t h e  l e f t ,  w a s  very d i f f i c u l t  t o  reach because of t h e  

The 

The SCS e r t r y  switch, even 



requi red  cross reach. I n  f a c t ,  none of t h e  switches on the  SCS con t ro l  
mode s e l e c t  panel  ( 9 )  were i n  a good, access ib l e  spot  a l though these  could 
be reached a t  a considerable  s a c r i f i c e  of a t t e n t i o n  and cont ro l .  Due t o  
the in te r fe rence  of t he  t rans3  a t i o n  c o n t r o l  box, t h e  "channel d i sab le"  
and "backup r a t e "  switches were di€'f icult  t o  a c t i v a t e  even i n  t h e  
unpressurized s u i t .  Although la te r  design has  r e loca ted  these  switches 
(roll "backup ra te"  over r o l l  "channel d i sab le" ,  p i t c h  "backup rate" 
over p i t c h  "channel d i sab le" ,  e t  cc-tera) and respaced them, some reach 
problems may s t i l i  e x i s t .  

It i s  considered nia:idatory t h a t  t h e  SCS e n t r y  switch be a c t i v a t e d  
immediately a f t e r  a G % N failure- s ince,  even i f  the  p i l o t  blacked out,  
t he  spacecraf t  would be l imi t ed  i n  roll by t h e  r a t e  deadband. If t h e  
G % N w e r e  l e f t  engaged, as i s  c u r r e n t l y  necessary above 7 and 8 g ' s ,  
high r o l l  r a t e s  would be poss ib le .  

Another s e r i o u s  problem with subpanel 9 i s  t h a t  of  panel  v i s i b i l i t y .  

A t  l g ,  i n  the I L C  "s ta te -of - the-ar t "  s u i t ,  as  much as l2 inches of 

head padding w a s  required i r ?  some cases  t o  see t h i s  panel  ( f i g .  20). 

The spacecrai"t design sho1iI-d provide f o r  a "manual G N en t ry"  

4 

con t ro l  modt of o p r a t i d i i .  Tkis  would a l low t h e  p i l o t  t o  manually f l y  
the  e n t r y  i f  t he  a u t o p i l o t  had malfunctioned independently of  t h e  G 4. N 
system (SCS e n t r y  cannot be used i n  t h i s  cas? because the  G 4. N r o l l  
command s igna l  i s  riot presented on t h e  FDA1 i n  t h e  SCS mode). 
"manual G N en t ry ' '  switch should be as access ib l e  as t h e  SCS en t ry  
switch. 

The 

The caution mat r ix  l i g h t s  were r e a d i l y  v i s i b l e ,  hoxever, t he  l e t t e r i n g  
on a l l  these l i g h t s  w a s  t o g  s m a l l ;  01; many, t h e  l e t t e r i n g  w a s  confusing. 
A simple one or two words t o  descr ibe  t h e  f a i l u r e  would be much b e t t e r .  

The MIT G N computer d i sp l ay  and keyboard was  readable  up t o  log 
and t h e  p i l o t s  could read the  panel  without r o t a t i n g  t h e i r  head. The 
p i l o t  could reach and push the  keys a t  8g. 
f l y  by reference t o  t h i s  d i s p l a y  as it i s  p resen t ly  located.  It i s  
the re fo re  considered e s s e n t i a l  t o  keep t h i s  panel  reading i n  d i r e c t  
numbers r a the r  than  i n  code. T3ere i s  sone doubt as t o  t he  n e c e s s i t y  of 
d isp lay ing  range, ve loc i ty ,  or a l t i t u d e  t o  f i v e  f i g u r e s  on e n t r y  s ince  
t h e y  are changing s o  rap id ly .  The panel  readout num3ers could perhaps * 

be 2 smaller and a black r a t h e r  than a g r a y  backgrolmd would provide 

more cont ras t .  The "g" readout should be capable of backing up t h e  
.05g l i g h t .  The caut ion  and warning l i g h t s  should be co lo r  coded. 

The p i l o t  could, i f  required,  

The design of  t he  crew s a f e t y  panel. (16) i s  very poor. 
c r i t i c a l  switches are loca ted  t o o  c lose  toge the r ;  t h e  same i s  t r u e  f o r  

TOO many 



t h e  nomenclature ( f i g .  6a). This r e su l t ed  i n  hes i tancy  and d i f f i c u l t y  
i n  f ind ing  t h e  proper switch when it was needed. A f t e r  abort ,  t h e  a c t i o n  
of reaching back and f o r t h  between the event s t a c k  and t h i s  panel, and, 
a t  t h e  same t i m e ,  t r y i n g  t o  r e m e m b e r  which switch goes up and which down, 
was i l l o g i c a l  and confusing. More design e f f o r t  i s  needed i n  t h i s  area. 

The Commander's panel should include en a i r c r a f t  t y - p  mechanical 
a c c e l e r m e t e r  t o  monitor acce lera t ions .  

CONCLUDING RENARKS 

The launch-abort t a s k s  covered i n  t h i s  program presented no 
apprec iab le  d i f f i c i l l t y  t o  t h e  p i l o t s ,  and the  corresponding a c c e l e r a t i o n s  
were c l a s s i f i e d  as "quite mild" by  most of them. 
loss  of v i s ion ,  or grayout problems appeared during these  runs. 

No b rea th ing  problems, 

There w a s  no phys io logica l  r e s t r i c t i o n s  which a f f e c t e d  t h e  p i l o t s '  
a b i l i t y  t o  c o n t r o l  the e n t r y  p r o f i l e s  u t i l i z i n g  t h e  second prototype 
Apollo phase B s u i t  wi th  no headpad i n s e r t s ;  however, g e n e r a l l y  s F a k i n g ,  
v i s i o n  w a s  r e s t r i c t e d  at 10 t o  12g t o  a 12 t o  15-inch-diameter c i r c l e  a t  
t h e  panel. A t  l5g,  i n  many cases,  v i s ion  w a s  r e s t r i c t e d  t o  an area not 
much l a r g e r  than  t h e  l i f t  vec to r  indicator .  
angle could be obtained wi th  IL€ "s ta te -of - the-ar t "  helmet ( o r  a standard 

t h e  EMS trace and lift vec to r  i nd ica to r  were c l e a r l y  v i s i b l e  a t  all g 
l e v e l s .  

The b e s t  " a o r t i c - r e t i n a l "  

aix:ci-.aft f l i gh t  h e h i i t )  xith no head@ i r ; se r t c .  T i n A a r  fhnce p n n d i t i n n c ,  b . L L U b *  " A L U Y U  - -L-- - -&-- - -  

The second prototype Apollo phase B s u i t  w a s  t o t a l l y  unsa t i s f ac to ry  
because of t h e  shoulder design. Also, t h e  structunx of t he  helmet on 
th i s  s u i t  severe ly  r e s t r i c t e d  v is ion  of t h e  Commander's lower panel. 

A l a r g e  scan p a t t e r n  was required f o r  en t ry ,  even i f  SCS f a i l u r e  
d i d  not  occur. Since it was  necessary t o  include t h e  SCS c o n t r o l  mode 
s e l e c t  panel i n  t h e  crosscheck when SCS failures d id  occur, t h l s  doubled 
t h e  s i z e  of an a l r eady  l a rge  scan pat tern.  The p i l o t  could not see gross  
motions on t h e  EMS and FDA1 simultaneously and,therefore,  missed any 
abnormal movements which might have occurred on one, while concent ra t ing  
on t h e  other.  
during t h e  c r i t i c a l  period following t h e  i n i t i a l  e n t r y  peak, t h e  rest 
of t h e  panel wsts n e c e s s a r i l y  neglected. 

Since t h e  "g-V" t r ace  requi red  almost cans tan t  a t t e n t i o n  

All t h e  longer-trunked p i l o t s  s a t  t o o  high wi th  r e spec t  t o  the  
Commander's panel. This may requi re  lowering t h e  e n t i r e  seat s t r u c t u r e .  
The present  high eye l e v e l  made it impossible, wi th  no headpad i n s e r t s ,  
f o r  t h e  p i l o t s  t o  see t h e  SCS cont ro l  mode s e l e c t  panel (9)  even i n  t h e  

I 
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I L C  "s ta te -of - the-ar t "  s u i t .  
subpanel, the high eye l e v e l  s t i l l  creat,ed a d i f f i c u l t  scan pa t t e rn .  

Vhen the  head w a s  padded t o  see t h i s  

The switches on t h e  lower, c e n t e r  s ec t ion  of t h e  Commander's pane l  
w e r e  very d i f f i c u l t  t o  reach a t  5g .  Crossreach i n  t h e  pressur ized  s u i t  
vas r e s t r i c t e d  t o  the  center l i r -e ,  however, by using both hands, a l l  
con t ro l s  except t he  AV Slew switch on t h e  EMS were wi th in  t h e  reach 
r ad ius  of  the p i l o t s .  Also, i n  order  t o  make pressure suit opera t ion  
easier, a l l  switches on the Cammander's panel  should be llupll i n  t h e  
normal posi t ion.  This woul3 a l l~cw t h e  p i l o t  t o  move a switch down quickly 
f o r  a rrialfunction without t zk ing  time t o  r o t a t e  h i s  wrists. Working the 
l e f t  hand inboard and arou-id the  t r a n s l a t i o n  controller housing i n  o rde r  
t o  a c t i v a t e  the "backup rate" and "disable"  switches w a s  d i f f i c u l t .  
Mort= clearance should be provj ded. 

c 

The scar1 p a t t e r n  for launch w a s  a lsa  excessive.  The master caut ion  
and a'cort l i g h t s  should be moved c l o s e r  t o  t he  FDAI, t h e  primary i n s t r u -  
men t f o r  laurich. The i n t e r a c t i o n  required,  af ter  abor t ,  between t h e  
event s t ack  m d  t h e  crew ssfecy pariel, W A S  a t o t a l l y  uncoordinated, 
wiacceptable prescnta t  ion. Hedesigil i s  requi red  i n  t h i s  a rea .  

The Slsnk space i n  t h e  eecter of th? Conmander's panel  should be 
u t i l i z e d  to b e t t e r  grodp dis:llays and CGritrols and r e d w e  t h e  s i z e  of t h e  
scan pa t t e rn ;  t h i s  would do much toward siniplifying t h e  e n t r y  and launch 
tasks. 

The grea t  ma jo r i ty  of t h e  problems discassed  i n  t he  foregoing r e p o r t  
are qu i t e  evident wider s 5a t i c  coridi t i o n s .  
should not  he considered urti l  a l l  this hardware i s  modified t o  func t ion  
properly a t  lg. 

Fur ther  cen t r i fuge  programs 
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YOUNG 
Gemini S u i t  
Unpre ssuri zed 

Gemini S u i t  
Pre s s u r i  zed 

1st Phase B 
Unpre ssur ized 

MCDIVITT 

S h i r t  sleeve s 

ILC S u i t  
Unpre s s uri zed 

TABLE 1. - SUMMARY O F  CENTRIFUGE RUNS 

BOOST - ABORT 

s 1  s 1  s 1  s 3  
D 1  D 1  D 1  D 1  

D 1  D 1  D 1  D 1  
s 1  

D 1  D i  D 2  D 2  

s 3  s 1  s 1  s 2  
D 1  D 1  D 1  D 1  

s 1  s 1  
D 1  D 1  D 3  D 3  

Launch Pad Abort 
& S/M Abort 

BORMAN 

S h i r t  s leeves  

1st Phase I3 
Unpre s s uri zed 

1 1 Un ressur ized  

-~ ~~~~ 

s 2  s 1  s 2  s 2  
D 1  D 1  D 2  D 2  

s 1  s 1  
D 1  D 2  D 3  D 3  

S h i r t  s leeves 

2nd Phase B 
Unpre ssur ized 

To ta l  S t a t i c  
Boost Aborts 

To ta l  Dynamic 
Boost Aborts 

Max Q Abort 

8 7 

10 12 

High A l t  Abort 

I 

s 2  I s 2  
D 1  D 1  

s 1  s 1  
D 3  D 3  

D - Dynamic 

1 2  I 1 4  

TOTAL STATIC BOOST-ABORTS - 41 
TOTAL DYNAMIC BOOST-ABORTS - 62 



TABU 11.- SUMMARY O F  CEI'IT'RIFUGE RUNS ENTRIES 21 

S h i r t  s leeve s D 1  

2nd Phase B s 2  s 1  s 1  
Unpressurized D 1 D 2  D 1  

s 2  
D 1  D 1  2nd Phase B 

Pressur ized  . 

ILC S u i t  
Pre s s u r i  zed 

D 1  D 1  D 1  

s 1  s 1  S I  S I  
D 1  D 2  D 2  D 1  D 1  

D 1  D 1  D 1  D 1  D 2  s I. 

D 1  I I 

S h i r t  s leeves  s 1  

ILC Sui t  S 1  s 1  s 1  s 2  s 1  
Unm-essurized D 2 D 2  D 1  D 1  D 2  D 2  1)2  
ILC Su i t  
Pressurized D 1  D 1  

D I  D 1  D 2  D 1  

c 3 m  
S h ir t. s l e  eve s s 1  s 1  s 1  

D 2  D 3  
2nd Phase B s 2  s 2  s 1  
Unpre s s UT i zed D 1  D 1  
2nd Phase B 
Pre s s u r i  zed D 1  
ILC S u i t  s 1  
Pressmized  D 1  D 1  D 1  

9 2  

D 1  I D 1  

Shirt s leeves  

s 1  
D 1  

s 2  S 3  
D 4  D 4  D 3  

D 2  

To ta l  S t a t i c  
Ent r  ie s 
To ta l  Dynamic 
,Ent r i e  s 

s 4  

14 8 5 11 6 14 3 e 
16 11 8 14 14 14 12 q 

-- 
s 2  
D 1  

D - Dynamic TOTAL CYTUiNIC E m I E S  -95 
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Symbol 

TAB123 111. - NOTATIONS AND SYMBOLS 

TJni t s 

Symbol 

X 
M 

M 

M 

G 

Y 

Z 

% 
PB 

qB 

33 r 

t 

v 
a 

fi 

Y 

Units  

fL-lb 

f t - l b  

f t - l b  

g ' s  

degree 

degree/sec 

degree / s e c 

degree/sec 

second 

f t / s e c  

degree 

dqg-ee 

degree 

degree 
% I 

degree 

- 

Defin i t ion  

Thrust moment , % a x i s  

Thrust moment, Y axis 

Thrust moment, Z a x i s  

To ta l  sensed load f a c t o r  

A t t i t ude  e r r o r ,  Roll 

B 

B 

koll r a t e ,  body a x i s  

P i t c h  r a t e ,  body a x i s  

Yaw rate, body a x i s  

T irne 

V e  l o c  it y 

Angle of a t t a c k  

Angle of s i d e s l i p  

F l igh t  path angle  

Taped Variables  

Def in i t ion  

Tota l  serised load f a c t o r  

Veloci ty  

Commanded r o l l  a t t i t u d e  

F l igh t  path angle 

Centrifuge arm command 

Nominal 
Value 

* 960 
k866 

* 878 

0 t o  20 

25 

k50. o 

*:50.0 

k50.0 

o t o  50,000 
f 1G 
*lo 

kt180 

Range 

0 t o  20 

o t o  50,000 

k180 

* 10 

0 t o  3.2 



Naval Air Developncnt C e r : : e ~  

Guidance and Navigation 

S t a b i l i z a t i o n  and Coritrol ,:;!-s t e n  

Entry Monitor System 

Reaction Control System 

F l igh t  Di rec tor  Atti t i lde Ind:l c:at~x- 

Evaluator  1, t h e  C/M mock-ii~? iIs<.,LI for atmospheric 
f l i g h t  phase s h d a t i o n  at. L:L>., S 9*. ID, Do-mey, 
Cal i fo rn ia  

Body Moufited At t i tude  Gyro 

Sanborn Recorder Charinel te r c e n ~ d  g r o  railm-es: 
BMRG switch ac tua t ions ,  p i l ax  talic. ver and en t ry  
con t ro l  mode. 
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FIGURE I: CENTRIFUGE COUCH AND 
RESTRAINT SYSTEM 

% .  



FIGURE 2: RESTRAINT HARNESS CHEST BUCKLE 
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FIGURE 4: SECOND PROTOTYPE APOLLO 
PHASE B SUIT-PRESSURIZED 



FIGURE 5: INTERNATIONAL LATEX CORP. 
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